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Increasement of Secondary Metabolites and Antioxidative Activity in
Panax ginseng Adventitious Root by Methyl Jasmonate
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ABSTRACT This study was initiated to investigate the impacts of methyl jasmonate (MeJA) on adventitious root
growth of Panax ginseng, the production of secondary metabolites, such as ginsenosides and phenolic
compounds, and antioxidative activity. Among various concentrations of MeJA, 100 M MeJA increased the
ginsenosides accumulation to 26.6 mg/g dry wt, about 8 times higher than the control in ginseng adventitious
roots (GAR). In addition, 50 ¢M MeJA increased the accumulation of phenolic compounds to 0.38 mg/g dry
wt, about 3 times higher than control in GAR. This MeJA treatment was more effective in conditioned medium
(CM) which obtained in bioreactor after 40 days of culture than in fresh medium (FM). Treatment of 100 yM
MeJA in CM increased the accumulation of ginsenosides (1.7 times) and phenolic compounds (1.2 times) more
than in FM, respectively. Consequently, these high accumulation of ginsenosides and phenolic compounds by
MeJA led to increase the antioxidative activities expressed to the DPPH scavenging activity (over 78.3%). The
DPPH scavenging activity in control was 45.5%.

Key words: Adventitious root cultures, DPPH scavenging activity, ginsenosides, Panax ginseng C.A. Meyer,
phenolic compounds
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O\ At (Panax ginseng C.A. Meyer)< 328 g3
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7} BarElo] 9l (Keum et al. 2000; Shibata 2001;
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al. 1990; Park et al. 2001; Xie et al. 2004). o] A& 7}
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AR Aol = o]2le) e FEARe] EABTHE Aol A
Al 2U ATFES 1980 o] F- 9l4to g RE
maltol, salicylic acid, vanillic acid, ferulic acid, caffeic
acid 59 HAEAES FEoto] APE FEA FoAT 2
3, HzagEel AAHtse Y AT FAFaNES
VRl E A Qlate] sl=gigtEo] AE Al #ie] ¥
olx] a1 9Jt} (Han et al. 1985; Wee et al. 1996; Jung et al.
2005). I3 Attele 5 (1999)8) T A@ A A2 A=
Alo|=& ¥ 35t dammaraneA] AFE o] dHiksl EAdof S
qgg FPIL ke ANE ARSUA At
aakstgAdel digh Bale 9 Sk HA-

QubA o= 7)) (in virro) MFAE EE MG 2EHX

fo
ol

53] A3t 2Ed 2 Aol wigE L 1] wEel 2}
AANA Au=E AEARTH gAkst GAo] =2 Jo®
Uebtth (Kwak et al. 1995). B3 o]2]gh v ¥A= WY
717k FQ AR FAA (elicitor)H 2ol o ako] v FA|
7b A o) AtAMEE Y] Ak AT F ddE F
A% 7EA 3 itk A8 AFujdo A o] &t A Tt
¢t} methyl jasmonate (MeJA)= A 24| 0] watupry 2
Wojuhg-g fishs AZAGELDRZ & gl don
(Farmer and Ryan 1990; Muller et al. 1993) A 3£ ulj oll A
oJAHAMIES] TS FANTE AFXHAEARR Bol
H 5ot} (Meyer et al. 1984; Yukimune et al. 1996;
Yu et al. 2002). MeJA A2j7} FELE A28 E Fet
2339 paclitaxel?] §A4-S ZRstthE A277F BaE o]
% (Yukimune et al. 1996; Ketchum et al. 1999), 4t Al
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7} ol B} (Yu et al. 2002; Wang and Zhong
2002; Kim et al. 2003; Kim et al. 2004). <9}, <14k 5
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A (4d, B9 FhY AEE 05 ceme] EHOE
A2 % 24-D 1.0 mg/L, kinetin 0.1 mg/L, sucrose 3%
(Wh), gelite 0.2% (w/v)7F d7He MSuljA]ol] HFste] 22
1T g2ANA B 2E F58k, F2d 2 LE NAA
2.0 mg/L, sucrose 3% (w/v), gelite 0.2% (w/v)7} L&
MSHjAI o] HEst LT wFz=A A 4573 v gt
A FATE = - FAET (Kim 2002).
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5 mLo| o] 045 gm millipore syringe filter (Gelman,
USA)Z o} 3}3te] HPLC (Waters 2690 separation module,
USA)Z 24185t (William et al. 1996). A wAlo]=
A 22 photodiode array (Water 966, USA) A& 7|2 43
3}l o™, column$ Altec Platinum C18 column (1.5 gm,
337 mm), &7 acetonitrile™} E-& o835t A& 10
Ho 752582 bR 15128 63:379 pHlE AL,
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flow ratet= 1.0 mL/min® 3t £A43}th F 2 A|wAlo]
= 3o Rbl, Rb2, Re, Rd, Re, Rf, Rgl (Karl Roth,
Germany)o| EFFo oJste] EA¥ peak®] Foz ve}
Ribe=g

HlS2f3i2 T DPPHO| of8h BHaHEY S8S I8t
NERES S

thoksl MeJA Ao 4L 05 g (54102 $ 15D
1835} 80% (v/v) ethanol 5 mLeoll S EAIZ] 2 80Coll A
27 AR

o sk aaRe F 2007 45
DPPHo] 913 #4t8184S S9sked] ol 453ick

Fa9 24 A89 AEN 0.1 mLo| 525 mLY} 2 N
Folin-Ciocalteu’s A2 (Hammerschmidt and Pratt 1978)
0.1 mLE #H7}38l1 20% (w/v) Na,CO5 0.5 mLE 7}8}o]
1A1ZF W] & spectrophotometer (UVIKON 933, KONT-
RON)E o]-g3lod 750 nmollA FRE=E S48t &E
2L gallic acid (Sigma, USA)E o] &3la] & anda
50, 100, 200, 400 mglLe] H=Z 84l =Asch

DPPHEOI o/3t s 2%

29 7} g 459 0.1 mLE st o7)el 500
#M2] 1,1-diphenyl-2-picryl hydrazyl (DPPH) £-< 0.9 mL
Z}zk o] 37TolA] 3087 )8 &, 517 nmollA &
TE 2439tk =27 A A4S 80% ethanol 0.1
mLE 0.9 mL2) DPPH &) A7}sle] A& oz A&
&}53ch. DPPHWo| 28t ahitalg o] ZA2 A g7t
o 27 FHEANE HEEE EA ST (Shimada et
al. 1992). A4bAle o3 2tk
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DPPH 27% (%)
= (1-ABA7TY) FFh2T) FHE)x100
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4150 pMellA] AATE HEART F 4%7F F7F (311

g)el Ao Yeputt) Edl olefdt MeJAS] £ AElw
T AAFEY AEFS U TAAY e AR Yy
o} o] 59 AAFol e EF2] H& (DWEFW)A &
AT F %o], MeJA FA2] (H2F)A DWFW Hl&
o] 8.99) ¥HH ) MeJAY] H%7} 50, 100, 150 L ME =7}
3hAA DW/FWe vl &8 7247} 8.7, 8.5, 8.4 Az} 7+438}
= ALFE YEytth oo} #2 A= B Axte] o 2
7} (Kim et al. 2004l A frASHAl gl YA T
MeJA9] A7} AAFe Aast dEFS TS A
Atk A3 At & & Ak
719] Aztol A MeJA H2]7) 914 RA 2o} A

Asts A R FA o] AAkshE 2 A iAol =8 H|
TagEe] A MelA Aelgert 7185 Hak 5
7M7) Ao w ettt (Figure 1). tiE79 & AAx
Atol= 3Fe 3.2 mg/g dry wtdl HHe] MelA<| 10034
150 pM Aol F HAMeAlol= gake 247} 26.67%
28.7 mg/g dry wtZ tjZTHT}; oF 86 o] F7kE Ao
2 vehgtl (Figure 1A). 523 MeJA *] €)= dammarane 7|
APEUR] A Ao B AARS F7FA| L SRt olufgt HIA}
I 7k sl HsEeEe s ST AL
Z et} (Figure 1B). 50 xM MeJA Hzlol|A] w3}
g2o] LS (.38 mg/g dry wtE 2 (0.14 mg/g dry
wt)ol] H3ke] ok 3uf oA} Zlskdth MeJA ] 1003 150
Mol A 9] HlE8lgE A 50 M MelA Helek Atk
& atol & Yehl A= eFth Figure 1A%} BollA B v}

Table 1. Effects of methyl jasmonate on growth of ginseng adventitious roots for 7-day elicitation period

MeJA concentration Fresh weight Dry weight DW/FW
wM) (FW, g (DW, g) (%)
0 358 = 02 a 32 £ 005 a 8.9
50 344 =01 a 30 X 004 b 8.7
100 328 £ 01 b 28 £ 005 ¢ 85
150 31,1 2 02¢ 26 + 003 d 8.4

*Mean separation within columns by DMRT at 5% level.
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3% o RATH oAWALIES Foke AR Qi
2| A 23594 @ Pﬁ}%‘é—% A7l A2 el (Figure
S B 10). 53] 50 4M MeJA HelolM sgge hzTy
o % 55l T8 0% S8 2k Ml 2 olae) 4]
£ BEME Brhe WekE Bolx) e H o2 Hol, DPPH
%’ 15 radical 27|52 QAN AZY dH=3stEe AWAA SR
5 10 He §AHA UEE Aoz Azbdr Al 5 (2005)9)
5 ANE ARAZel MelA A2l AmAle] e

S F7PIAE B GASBA | FAhE ALY

0 0 < ofn| Bag vt ok a2t £ AgolA & & %ol

05 AAFATU SS9 Fre FAeAtol= Akl
o B s - P 7R tE HE533E At 5 ko] & &
2 7 Ao eyt dukdo s wi=3gtEe] %717} DPPH
203 G Fo o radical 27% 9] 2718 74 2ths AL o]n| thokel of
£ i £ . 22204 BaEnl 9t} (Saija et al. 1998; Cha et al.
s %2 - 2001; Lu and Foo 2001).
£ o1 ] B

x| FAZES 7 - Foll mE MeJAS| &3}

o ;

w0 W WA WPl A FAARE R A
£ |c 2ok opje} R A=Al =8 M EE ThEF ol GBS
g = F Aol = g A8E she Aom LA ok (Yu et
i 60 E b al. 2000). 53], MeJA A 2]A] wjAd] JFZ2g o] A=A}
) - 5 olx Aihg F7MZIE At olv] Rad uf Qlrd
% 40 : (Kim et al. 2004). webr 2 Ao b= LA
% 0 o] ZHE Feloll A MelJA A7t A Atol =} #5385}
& . G2 Aabe] A Jee 2kl on o wE g

0 i A& Z2ALSETE WA E S 100 #M MeJAE 2l

I T I A MSHlA (FM)S} 4090 ARSI 9 F ol

Z1 w7} (CM)oll A ZHzt 7U7E 438 wietst vhekd

Figure 1. Patterns of ginsenosides (A), phenolic compounds (B) 2lt}. Table 204 B ule} o], FMujA|oA]e] MeJA
iyl nmonte or-7-day chsiaion period n ginaeng adven. 1E1 (FMAMEAYE SAHAT0) AFFE 22 30 g9l
titious roots. gkl H)3lo] 7Y Yo R oF 53 g FUIAHO Y &2

ZHiA] (CM+MelA)oll A= oF 1.3 g A=rt F74A2 A2
S} 2o, MeJA Ag= 4ate] hEA <l olafthaitEel B yebdth dhdel AAiAtel =9} HlEdtgEe Ao
AmAtol=gt Hmsletael S ST EE, F) HaadhE g2 A CM+MeJAujAloll A v Fall s o) 57}
e A AAmAlolze] AtET v Fro]  shs Zo® uyElgT (Figure 2). WiXAEo] ZEE CM+
MeJA A7} AU S & o A ol2% MelJA A2joll  MeJAujA| A XA mAte] = Yate FM+MeJAui=]

W

Table 2. Effects of medium component and methyl jasmonate on growth of ginseng adventitious roots for 7-day elicitation period

Fresh weight Dry weight DW/FW
Treatment
v, g (DW, g) (%)
CM*+MelA 313 £ 03 b 27 £ 001 b 8.6
FM’+MeJA 353 £ 01 a 32 £ 002 a 9.1

*CM: a conditioned medium harvested aseptically after 40 days of a bioreactor culture.
FM: a modified MS medium (without NHsNO; in MS) prepared freshly.
*Mean separation within columns by DMRT at 5% level.
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Figure 2. Changes of ginsenosides (A), phenolic compounds
(B) and DPPH scavenging activity (C) according to the day
after treatment with medium component and methyl jasmonate
in ginseng adventitious roots.

A B} oF 1.749)7} Z718ke] oF 34.1 mg/g dry wtE e}
o (Figure 2A), #=3lHE A CM+MeJAul=] o] A
ok 0.36 mg/g dry wts FM+MeJAH|=|o] u]3o] 2k 1.2u)
Z7k5 Ao = Vel (Figure 2B). 28] 1 Figure 2414
MeJA A2 &b AN Aol =e) HE83hE 27 w3
o o]Fol Fglo] Yehbe Aes o 5 ok e o]
23k CM+MeJAslX| ol A R A|eAto]| =9 HEalehae] &
7t Eeta Fakstad o] F7el= FM+MelAn|#] o}
Avkh 2ol & YERNAE v A2 YERT (Figure
20). o]} 22 Ao ofsto] Atsted o] S7hs MelAd]

Q14 (Panax ginseng C.A. Meyer) 8 32| O|XICHARME & sHtstEM Z7t .
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